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© The present invention relates to a method for 
demineraJizing beet sugar thin juice with a solids 
content of 10 to 40% by weight by first passing said 
juice through a solid bed of a weakly acidic cation 
exchanger in hydrogen form at 10 to 60°C at a rate 
of 10 to 180 bed volumes per hour and a contact 
time of 20 to 360 sec. and then passing the juice 
through a solid bed of a weakly basic anion ex- 
<P»changer in hydroxy! form in the same temperature 
<£ range, at the same rate and for the same contact 
^.time. 
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Method for demineralizing beet sugar thin juice. 



The invention relates to a method for de- 
mineralizing beet sugar thin juice with a solids 
content of 10 to 40% by weight by first passing 
said juice through a solid bed of a weakly acidic 
cation exchanger in hydrogen form and then pass- 
ing the juice through a solid bed of a weakly basic 
anion exchanger in hydroxy! form in the same 
temperature range and for the same contact time. 

In the production of sugar from sugar beets, 
after the beet cossettes have been leached out in 
diff users, raw juice is obtained which, in addition to 
the desired sugar, also contains non-sugars such 
as salts, proteins, dye stuffs, pectin and organic 
acids. Said raw juice is heated to approximately 
85 °C and mixed with an excess of slaked lime. 
The free acids form insoluble salts with the lime 
which flocculate out with many other impurities 
such as proteins. A portion of the lime forms cal- 
cium monosaccharate and another portion dis- 
solves. Since this slimy precipitate cannot be re- 
moved by filtration, saturation with carbon dioxide 
and steam is carried out The saccharate which 
decomposes and the dissolved lime then form to- 
gether the insoluble calcium carbonate which can 
in fact be removed by filtration. The raw juice 
treated in this manner is passed through filter 
presses which retain turbid constituents. 

The filtrate is again treated with lime and car- 
bonic acid and filtered. 

The juice remains basic in order to prevent 
inversion and is boiled in order to convert bicar- 
bonates into carbonates. The solution obtained in 
this manner is termed thin juice. Said thin juice 
also still contains non-sugars which are known as 
molasses-forming substances. These are primarily 
the salts of potassium, sodium and calcium, which 
are molasses-forming. The potassium and sodium 
salts are strongly molasses-forming, the calcium 
salts are less strongly molasses-forming. 

The calcium ions form a precipate (scaling) in 
the evaporators during the evaporation. Said seal- 
ing hampers the heat transfer, which has a very 
disadvantageous effect on the power consumption 
of the evaporation. 

To prevent said precipitation, the juice can be 
passed through ion exchanges in order to remove 
the calcium ions. 

This can be done, for example, by: 

1) Passing the thin juice at 85 - 90°C 
through a strongly acidic resin in the Na + form. 
2 RSOaNa + + CaX^ (RSOa)zCa + + 2 NaX 
In this connection, it may be pointed out that the 
cation exchanger may be regenerated, for example, 



according to the equation: 

(R - SOsfeCa + 2 NaCls*2 RSO3 -Na + + CaCb 
Disadvantages of such a method are: 

a. sodium ions are introduced into the 

5 juice. 

b. the capacity of the resin layer is limited 

c. the efficiency of regeneration of the 
strongly acidic resin with NaCI is low. 

2) According to the method of the US Patent 
10 3.887.391 , passing the thin juice at 70 to 95° C at a 

rate of 20 to 200 bed volumes per hour through a 
weakly acidic cation exchanger in H + form, the 
Ca** ions being replaced by H + ions. In this ion 
exchange process a portion of the Na + and K + ions 

is is also replaced by hydrogen. 

The contact time of the thin juice with the 
cation exchanger may be at most 3 minutes be- 
cause otherwise a strong inversion takes place at 
these relatively high temperatures. 

20 As a result of said ion exchange process, the 

pH of the thin juice drops. To restore the pH to 8.9 
- 9.0. It might be possible to add. for example, 
sodium hydroxide solution, but a drawback thereof 
is the fact that sodium ions are again introduced 

25 into the solution which has the sugar dissolved in it 
The US Patent 3,887,391 therefore proposes to 
restore the pH to 8.9 - 9.0 by adding magnesium 
oxide to the solution. However, a drawback thereof 
is. that the magnesium oxide is sparingly soluble. 

3D as a result of which a filtration is subsequently 
required again in order to remove the unreacted 
magnesium oxide from the thin juice. 

3) According to the method of the US Patent 
3.982,956, passing the thin juice for the purpose of 

35 softening first at 70 to 90° C at a rate of 20-200 bed 
volumes per hour through a weakly acidic cation 
exchanger in H* form and then passing it at a 
maximum of 50 °C over a weakly basic anion ex- 
changer in OH form. 

40 A drawback of said method is that the pH of 8.9 - 
9.0 cannot always be completely restored. 

Although in a number of, but not all. cases the 
Ca* ions present would be removed and the pH of 
the juice exposed to cation and anion exchange 

45 would be adjusted again to 8,9 to 9.0 if the teach- 
ing of the US Patent 3.887,391 and 3,982,956 for 
softening the thin juice were combined, the potas- 
sium and sodium ions, which have a disadvanta- 
geous effect on the cystallization would not be 

50 removed to the extend desired. 

If the weakly basic anion exchanger in the 
method according to US Patent 3,982,956 were to 
be replaced by a strongly basic anion exchanger in 
OH form, this would indeed achieve the restoration 
of the pH to 8.9 - 9.0. but drawbacks thereof would 
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be that a) only a portion of the thin juice can be so 
treated because, if all the thin juice were treated, 
the pH would be markedly higher than 9 and b) the 
strongly basic anion exchanger would be rapidly 
contaminated by the organic residues present in 
the thin juice and as a result it would become less 
effective. 

More substantial demineralization of the thin 
juice than is achieved according to US Patents 
3.887,391 and 3,982,956 can be achieved by pass- 
ing the softened thin juice through a cation ex- 
changer in which the Na + and K + ions are replaced 
by H + ions. 

If this cation exchange were to be carried out 
with a strongly acidic cation exchanger, the equilib- 
rium reaction 

R-SCfeH + C+A&*R - SOrC* + H+A' 
would be substantially shifted to the right To re- 
generate such a cation exchanger, use is made of 
HC1 or HiSCfc: 

R - SOrCT + HX^R - SO3H + C + X~ 
ln this process a considerable amount of chlorine 
or sulphate ions is therefore introduced into the 
waste water, which is not appreciated by, and even 
in a number of cases forbidden by. the authorities 
who are charged with supervising the water quality 
in general and waste water in particular. 

It therefore appears desirable to carry out the 
cation exchange with a weakly acidic cation ex- 
changer. In this case, the equilibrium reaction 

R - COOH + (TA-ssR - COO-CT + H + A" 
will be shifted substantially to the left Only if the 
hydrogen ions were to be withdrawn from the equi- 
librium, for example, by reaction of the weak acid 
with a strong base, would the equilibrium reaction 
be shifted to the right 

European Patent Application 20.124. which in 
fact relates in particular to the demineralization of 
thick juice, teaches, inter alia, that the K + and Na+ 
ions can be removed from a sugar solution by 
passing the solution through a mixture of a weakly 
acidic cation exchanger and a weakly basic anion 
exchanger. As expected, a juice is obtained in this 
manner with a pH of 6.6. Apart from this low pH 
value, the required contact time (up to 90 minutes) 
and the laborious separate regeneration of two 
types of resin in one bed are unacceptable 
drawbacks. 

it has been found that to demineraJize the thin 
juice with a solids content of 10 to 40% by weight 
without the drawbacks which are associated with 
demineralizing thick juice, as described in the Eu- 
ropean Patent Application 20.124, after being 
passed through a solid bed of a weakly acidic 
cation exchanger in hydrogen form at 10 to 60 °C 



at a rate of 10 to 180 bed volumes per hour and a 
contact time of 20 to 360 sec, the thin juice should 
then be passed through a weakly basic anion ex- 
changer in hydroxyl form. 

5 In this connection it should also be borne in 

mind that the thin juice as is obtained in sugar 
production is consequently at a temperature of 70 - 
95 °C before it is subjected to ion exchange. 

By reducing the temperature of the juice to 20 

70 - 60°C. preferably 20 - 40°C. the formation of 
invert sugar is reduced to virtually zero. This re- 
duction in temperature also has a beneficial effect 
on the time for which the ion exchangers can be 
used. It may make it necessary to prolong the 

75 contact time between juice and ion exchangers, but 
as a result of the extended contact time, 30 to 50% 
of the sodium and potassium Ions are removed, ft 
is strange that in the method according to US 
Patent 3,982,956, the first step. viz. the method 

20 according to US Patent 3.887.391. removal of Ca 
ions is not therefore carried out at 20 - 60° C since 
the actual method of US Patent 3.982.956 should in 
fact be carried out at not more than 50 °C since the 
anion exchanger is not resistant to higher tempera- 

25 tures. The authors of said patents have apparently 
overlooked this important aspect. As a result of 
this, if the methods according to US Patent 
3,887391 and US Patent 3,982,956 are combined, 
only a limited portion of the potassium and sodium 

oo ions present would be removed ("some potassium 
and sodium" in column 1, lines 57-58). whereas 
according to the present method, as is demon- 
strated below, a substantial proportion of sodium 
and potassium ions is removed. This is also re- 

as vealed by the reduction in colour of 78% instead of 
55% and a removal of non-sugars to as much as 
30%. 

it must not remain unreported that as a result 
of passing the thin juice through a weakly acidic 
40 cation exchanger at 10 to 60°C instead of 70 to 
95"C. not only is the inversion of the sugars re- 
duced, but the service fife of the ton exchangers is 
also appreciably extended. 

In relation to the differences between the state 
46 of the art, attention is drawn to the fact that 

1) when thin juice is passed through a 
strongly acidic resin in Na+ form at approximately 
90 C C, Ca*"* ions are indeed replaced by Na + ions 
but neither Na* ions nor K* ions are replaced by 

so H + ions; 

2) when thin juice is passed through a weak- 
ly acidic cation exchanger in H* form at 70 to 
90°C, only a portion of the Na+ and K + ions is 
replaced by H* ions; 

55 3) neither* US Patent 3,887,391. nor the US 

Patent 3,962,956 teaches that, if a lower tempera- 
ture is used for passing the thin juice through the 
weakly acidic cation exchanger, the transit time can 
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be extended and the replacement of Na + and K + 
ions by H + ions can take place virtually to a very 
substantial extent. 

In this connection it is pointed out that in the 
method according to the example of the US Patent 
3,982,956. the colour removal is 55% and the re- 
moval of non-sugars is 5%, whereas, if the method 
according to the present invention is used, the 
colour removal is 70% and the removal of non- 
sugars is 30%. 

Preferably, use is made of Lewatit CA 9222 
and OC 1057 as weakly basic anion exchangers. 

The method according to the invention can be 
carried out both batchwise and continuously. At the 
same time it is pointed out that it is preferable to 
carry it out continuously. 

The basic anion exchangers can be regener- 
ated with a strong base or ammonia 



Comparative Example 1 

The method described in US Patent 3,887,391 
was repeated. 

Sugar beet juice having a Brix degree level of 
14, a calcium content of 70 mg/l of juice, a potas- 
sium and sodium content of 50 meq/l of juice, and 
invert content of 0.14% per 100 Brix degrees and a 
colour of 2000 ICUMSA units is passed for 5 hours 
at a rate of 60 bed volumes per hour at 90° C 
through a column filled with a weakty acidic ion 
exchange resin in hydrogen form (Lewatit CBP80). 
The contact time was 1 min. 

The juice was then passed at half the rate at 
40 °C through a weakly basic ion exchange resin in 
hydroxyl form (Lewatit CA 9222). This produced a 
juice with a calcium content of 0 mg/l of juice, a 
potassium and sodium content of 45 meq/I of juice, 
an invert content of 0.16% per 100 Brix degrees, a 
colour of 1000 ICUMSA units and a pH of 8.9. 

This signifies 100% calcium removal, 10% po- 
tassium and sodium removal, 50% colour removal 
and an invert increase of 14%. 
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The juice obtained now also has a calcium 
content of 0 mg/l of juice, a potassium/sodium 
content of 32 meq/l of juice, an invert content of 
0.14% per 100 Brix degrees, a colour of 500 
ICUMSA units and a pH of 8.8. 

This signifies 100% calcium removal. 36% po- 
tassium and sodium removal, 75% colour removal 
and an invert increase of 0%. 



Comparative Example 2 

The same beet juice as used in Example I was 
passed for 5 hours at a rate of 20 bed volumes per 
hour at 86 °C through the weakly acidic resin CNP 
80 and then at 40°C through the weakly basic resin 
CA 9222. 

The juice obtained now has a calcium/sodium 
content of 32 meq/l of juice, a calcium content of 0 
mg/1 of juice, an invert content of 038% per 100 
Brix degrees, a colour of 600 ICUMSA units and a 
pH of 8.9. 

This signifies 100% calcium removal, 36% po- 
tassium and sodium removal. 70% colour removal 
and an invert increase of 170%. 



Example II 

The same beet juice as used in Example I was 
passed for 5 hours at a rate of 20 bed volumes per 
hour at 10°C through a weakly acidic CNP 80 resin 
and then at 10°C through a weakly basic CA 9222 
resin. 

The juice obtained now has a 
potassium/sodium content of 35 meq/I of juice, a 
calcium content of 0 mg/l of juice, an invert content 
of 0.14% per 100 Brix degrees and a colour con- 
tent of 520 ICUMSA units and a pH of 8.9. 

This signifies 100% calcium removal, 30% po- 
tassium and sodium removal, 74% colour removal 
and an invert increase of 0%. 



Example I 

The same sugar beet juice as was used in the 
comparative example was passed for 5 hours at a 
flow rate of 20 bed volumes per hour at 40 °C 
through the weakly acidic resin and then through 
the weakly basic resin (at a rate of 10 bed volumes 
per hour). 

The contact time was 3 min. 



46 Comparative Example 3 

The same beet juice used in Example l was 
passed for 5 hours at a rate of 30 bed volumes per 
hour at 90 °C through a weakly acidic resin and 
so then at 60°C through the weakly basic resin. 

The juice obtained has a potassium/sodium 
content of 36 meq/I of juice, a calcium content of 0 
mg. an invert content of 0.28% per 100 Brix de- 
grees and a colour of 500 ICUMSA units and a pH 
55 of 8.8. 

This signifies 100% calcium removal. 28% 
potassium/sodium removal, 75% colour removal 
and an invert increase of 100%. 
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Example ill 

The same beet juice as used in Example I was 
now passed for 5 hours at a rate of 30 bed vol* 

m umes per hour at 40 °C through a weakly acidic 

resin and then at 40°C through a weakly basic 

^ resin. 

The juice obtained has a potassium/sodium 
content of 37 meq/l of juice, a calcium content of 0 
mg, an invert content of 0.14% per 100 Brix de- 
grees, a colour of 500 ICUMSA units and a pH of 
8.8. This means 100% calcium removal, 26% 
potassium/sodium removal, 75% colour removal 
and an invert increase of 0% 



Comparative Example 5 

The procedure is the same as that of Compara- 
tive Example 4. Now the weakly basic resin Lewatit 

5 . MP 62 was used instead of IMAC A 20 SIL This is 
a polystyrene resin. 

The juice obtained also now had a potassium 
and sodium content of 34 meq/l of juice and an 
invert content of 0.14%. The colour was now 600 

io ICUMSA units. The average pH was 7. This pH is 
also too low. If it is nevertheless desired to use this 
combination, this means that sodium hydroxide so- 
lution has to be added, which in turn nullifies some 
of the purification. 

75 



Example IV 

Sugar beet juice with a dry solids content of 30 
Brix degrees, a purity of 92%, a calcium content of 
153 mg/l of juice, a potassium/sodium content of 
105 meq/l of juice and a colour of 3630 ICUMSA 
units was passed for 5 hours at a rate of 15 bed 
volumes per hour at 40°C through the weakly basic 
resin CNP 80 and with a flow of 7.5 bed volumes 
per hour at 40 °C through the weakly basic resin 
Lewatit CA 9222. 

The resin obtained has a calcium content of 0 
mg. a potassium/sodium content of 78 meq/l of 
juice, a colour of 1070 ICUMSA units and a pH of 
9.1. 

This means 100% calcium removal, 26% 
potassium/sodium removal and 70% colour remov- 
al. 



Comparative Example 4 

The same sugar beet juice as was used in 
Example I. was now passed for 5 hours at a rate of 
20 bed volumes per hour at 40°C through CNP 80 
and then at a rate of 10 bed volumes per hour 
through the weakly basic resin IMAC A 20 SU, 
which is a polystyrene resin. 

The juice obtained has a potassium/sodium 
content of 34 meq/I of juice, an invert content of 
0.14% per 100 Brix degrees and a colour of 600 
ICUMSA units. The average pH is 5.5. 

This low pH means that the action of the weak- 
ly basic resin is much poorer than that of the CA 
9222. This will result in a large amount of invert 
sugar and colour in the evaporation and boiling 
station and is therefore impermissible. 



Comparative Example 6 

The procedure is also in this case identical to 
20 that described in Comparative Example 4. Now the 
Duolite resin A 29 (a polyacryiate resin) is used 
instead of IMAC A 20 SU. The juice obtained also 
now has a potassium/sodium content of 34 meq/l of 
juice, an invert content of 0.14% and a calcium 
25 content of 0 mg/l of juice. 

The colour is now 600 ICUMSA units and the 
average pH is 7.6. This pH is also too low. 

30 Example V 

The beet juice was now passed for 5 hours at a 
rate of 20 bed volumes per hour at 40° C through 
the weakly acidic resin Duolite CC 3 and then at 10 

35 bed volumes per hour at 40°C through the weakly 
basic resin CA 9222. 

The juice obtained has a calcium content of 0 
mg/l of juice, a potassium/sodium content of 35 
meq/l of juice, an invert content of 0.14% per 100 

40 Brix degrees and a colour content of 500 ICUMSA 
units. 

The effect of CC 3 is thus equal to that of CNP 
80, but the swelling (expansion) of the resin during 
the loading was now 100%, whereas the swelling of 
45 the CNP 80 during the loading is only 40%. 

This higher percentage of swelling will present 
more problems during the operation of the columns 
and shorten the life of the resin. 

50 

Example VI 

The same sugar beet juice as used in Example 
I was passsed for 5 hours at a rate of 20 bed 
55 volumes per hour at 40°C through CNP 80 and 
then at a rate of 10 bed volumes per hour through 
the weakly basic resin Lewatit OC 1057. 
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The juice obtained has a calcium content of 0 
mg/l of juice, a potassium/sodium content of 36 
meq/l of juice an invert content of 0.14% per 100 
Brix degrees, a colour of 480 ICUMSA units and a 
pH of 8.9. 5 

This means 100% calcium removal. 28% 
pottasi urn/sodium removal. 76% colour removal 
and an invert increase of 0%. 



Claims 

1. Method for demoralizing beet sugar thin 
juice with a solids content of 10 to 40% by weight 

by first passing said juice through a solid bed of a 75 
weakly acidic cation exchanger in hydrogen form 
and then passing the juice through a solid bed of a 
weakly basic anion exchanger in hydroxy! form in 
the same temperature range, at the same rate and 
for the same contact time, characterized in that the 20 
juice is passed through a weakly acidic cation 
exchanger at 10 to 60°C at a rate of 10 to 180 bed 
volumes per hour and a contact time of 20 to 360 
sec and is then passed through a weakly basic 
anion exchanger. 25 

2. Method according to Claim 1. characterized 
in that Lewatit CA 9222 in hydroxyl form is used as 
weakly basic anion exchanger. 

3. Method according to Claim 1-2, character- 
ized in that thin juice with a solids content of 25% 30 
by weight is treated. 

4. Method according to Claims 1-3. character- 
ized in that the basic anion exchange is carried out 
with a contact time of 3 min. 
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